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Abstract 
Research indicates that staff wellbeing, productivity and satisfaction are linked with a 
hospital’s physical environment, in particular the aspects that are determined during early 
design stages of a building’s lifecycle. Incorporating healthcare providers’ perspectives 
during the design of a facility is, therefore, essential to create an effective therapeutic 
environment. Past research on physical environments in hospitals focused mostly on user 
satisfaction and was linked with service delivery in a specific setting. Research findings 
seldom provided useful insights into user perspectives on design related aspects that had the 
potential to affect their interaction with the environment. This research was aimed at filling 
this gap by exploring healthcare providers’ perception of physical environment design factors 
in hospitals. A 16-item questionnaire was used to gather perspectives of nurses, doctors and 
administrative staff in two Chinese hospitals, with a response rate of 77.3% (N = 304). 
Descriptive, principal component analysis and statistical tests were applied on the responses 
to investigate the relationship between perceptions of design factors and demographic and 
work related variables. Three principal components were identified, namely spatial, 
maintenance and environmental design. The identified components had good correspondence 
with previous research on behavioral and environmental psychology. Female healthcare 
providers were found to be more perceptive about factors related to sensory environments 
such as visual, acoustic and olfactory, compared to their male counterparts. The working 
pattern and length of service had associations with perceptions of maintenance and 
environmental design factors. Respondents ranked abstract and more subjective design factors 
such as aesthetics and the presence of coordinated art objects lower than the factors generally 
associated with the safe and efficient delivery of service.  
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1. Introduction 
Research suggests a strong association between health outcomes and the physical 
environment in which a person lives or receives treatment (Gesler et al., 2004; Rollins, 2004; 
Ulrich et al., 2008; Whitehouse et al., 2001). Consequently, attention has recently been turned 
on the actual architectural design of a healthcare facility (Reiling, 2007). The idea of ‘place 
making’ or the provision of an optimum psychological fit between people and their physical 
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surroundings has received renewed interests among the design community (Sime, 1986), in 
particular from healthcare designers (Prasad, 2008). Place making can be seen as a move 
away from the mere geometric design of spaces towards a more holistic consideration of user 
perception and behavior in the physical context. Examples of place making by integrating 
research-based evidence in hospital design can be found in the idea of ‘sense sensitive design’ 
(Mazuch, 2005). The need for integrating user perception and preference of their physical 
surroundings in buildings has also been highlighted, directly or indirectly, in past research on 
post occupancy evaluations of buildings (Dinç, 2009), user satisfaction (Crow et al., 2002) 
and indoor thermal comfort (De Dear, 2004). 
There is also a growing body of evidence on the impact of the working environment on 
healthcare providers’ efficiency, productivity and satisfaction that contribute to patient 
outcomes. In a recent research on the effect of work environments on hospital outcomes 
across nine countries, Aiken et al. (2011) have concluded that poor hospital work 
environments were common and were associated with negative staff outcomes and poor 
quality of care. Staff turnover, in particular nursing staff turnover, has been found to be a 
growing risk in many developed countries. Determinants of turnover are found to be 
multifaceted and dependent on the context of the study and points of view of the researcher 
(Hayes et al., 2006). However, work environments are found to be commonly associated with 
staff turnover (Hayes et al., 2006; Jones, 2005), in addition to leadership and management 
approaches (Cummings et al., 2010). Physical environments are also linked with staff 
wellbeing issues such as injury rates and stress (Trinkoff et al., 2005). Ulrich et al. (2008) 
have discussed physical environment factors that affect staff outcome in a review article. 
They identified that well designed hospital environments had the potential to increase staff 
effectiveness and satisfaction; reduce medical errors and hospital acquired infections; and 
decrease staff stress and injuries. 
Improving the quality of care and efficiency of service delivery while reducing costs 
have become increasingly important because of the greater budgetary pressure in recent years. 
Healthcare expenditure accounts for a significant share of the national budget in most 
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countries (Garrett et al., 2009). There is, therefore, a growing need for transparency in 
decision-making that is based on the evidence of the impact of physical environments on 
healthcare quality. Assessments of healthcare quality were typically based on professional 
practice standards and seldom incorporated aspects related to physical environments (Devlin 
& Arneill, 2003). However, the opinion of healthcare facility users is increasingly being 
accepted as an important indicator for measuring healthcare quality and as a critical 
component of performance improvement and clinical effectiveness (Woodring et al., 2004). 
Healthcare providers constitute the most frequent facility user group who spend most of their 
working time in hospital indoor environments. Their opinion on the design of a hospital 
provides valuable information and expertise to hospital designers, as healthcare providers are 
familiar with the physical aspects of the environment, as well as its relationship with the 
requirements of their work. 
Most aspects of the physical environment having an impact on staff outcome are 
determined during early design stages of a building’s lifecycle. Subsequent modifications at 
later stages are expensive and sometimes difficult to achieve due to the multidisciplinary 
nature of design decision-making. An understanding of users’ perception of design factors is, 
therefore, essential for informed decision making during early design stages. Past research on 
physical environments in hospitals focused mostly on staff satisfaction and was linked with 
service delivery in a specific context (see Vischer, 2007, for a discussion). User satisfaction 
studies provided an indication of some relevant physical environment features that could be 
considered during design. Nevertheless, they were mere proxies, which needed translating 
into design factors before use and not without some loss of semantics. Moreover, physical 
environment factors were not studied in an integrated way in a single study to generate a 
comprehensive evidence base, upon which decisions could be made. 
This study was aimed at filling this gap by contributing to the evidence base on factors 
related to physical environments in hospitals. Healthcare providers’ perceptions of 16 design 
factors, identified through a review of existing literature, were explored by conducting a 
questionnaire in two Chinese hospitals. 
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The rest of the paper is organized as follows. The methods for the development of the 
instrument and the conduct of the questionnaire are discussed. Descriptive and statistical 
analyses of the obtained data are discussed next, followed by a contextual discussion. 
Research limitations are discussed next. The article ends with a summary of findings and 
concluding remarks. 
2. Methods 
2.1. Questionnaire development 
The questionnaire instrument was developed in four stages. 
First, the items of the questionnaire were identified based on a review of literature and 
industry guidelines, conducted between January and May 2009. The purpose of the review 
was to identify the design factors that: 
• Modify physical environments in healthcare facilities; 
• Affect users’ perception and satisfaction of the physical environment; and 
• Affect the delivery of service and clinical outcome. 
Table 1 lists the investigated design factors, identified from the review of literature and 
industry guidelines. Key sources are also listed to contextualize the inclusion of the factors 
with previous research findings. 
Second, one of the authors visited the two participating hospitals four times and 
interviewed members of staff to explore their perspectives on the physical environment, in 
particular the factors that can be addressed during design/refurbishment of hospitals. 
Third, a draft questionnaire was developed by incorporating the findings from the first 
two stages. The questionnaire was first produced in English and then translated to Chinese. 
Two healthcare professionals and two administrators reviewed the draft for accuracy and 
content validity. The draft questionnaire was then evaluated in a pilot study to analyze the 
comprehensibility and clarity of the items and features related to the psychometric properties 
of the instrument. The participants (N = 21) of the pilot study included head nurses, 
physicians and administrators. All participants were asked to state any deficiencies of the 
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content of the questionnaire, other potential sources of perceptions and significance of each 
item. The pilot study resulted in an amended final questionnaire with improved content 
validity. 
Fourth, the final questionnaire included 16 structured questions to rate the perception of 
the importance of the dimensions of the physical environment in healthcare facilities. 
Respondents were asked to rate their perception of an item on a 5-point scale, ranging from 1 
to 5 (1 = Least important; 2 = Unimportant; 3 = Neither important nor unimportant; 4 = 
Important and 5 = Very important). The questionnaire also contained an open-ended question 
to enable respondents to communicate their ideas on how to improve the physical 
environment. Demographic information such as age and gender were included. Data 
regarding the length of service in the hospital and weekly working hours were recorded as 
well. 
2.2. Study participants 
The study was conducted among healthcare providers that included doctors, nurses, 
technicians, and administrative/managerial staff in two Chinese hospitals in Qingdao, a 
coastal city in Eastern China. The hospitals were chosen for this research because of their size, 
reputation, world-standard facilities and the relatively large number of staff and patients. One 
of the hospitals is affiliated with a medical college and the other one is a general hospital, 
which is also the largest in the city. Combined, these two hospitals employed approximately 
5900 staff and had around 4000 beds at the time of the study. Respondents were selected at 
random to participate in the questionnaire. All of the respondents were at least 18 years old 
and had worked in the respective hospitals for at least 6 months prior to the questionnaire 
being administered. Probationer doctors and nurses were also included in this study, in 
particular in the hospital affiliated with the medical college. Respondents were communicated 
in writing that the participation in the questionnaire was voluntary and that the confidentiality 
of the data would be maintained. 
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2.3. Ethical considerations 
A two-stage ethical approval was obtained for this questionnaire. In the beginning, an 
ethical approval was obtained from the authors’ academic institution in the UK. Furthermore, 
the research committees of the two participating hospitals gave approval to the study. 
2.4. Data collection 
Data for this study were collected between 12 and 26 August 2009, a time period in 
which there were not any special holidays in China that could create a possible bias from the 
use of seasonal decorations in the hospital physical environments. Two different data 
collection strategies were applied. 
First, some of the respondents were randomly selected from each floor. In the outpatient 
departments, the timing for selection was between 8 am and 5 pm, Monday to Friday, which 
was representative of usual work practices in most departments, including outpatients. 
Respondents from the inpatient departments were selected during the day and evening to 
account for various work patterns. The researcher introduced him and the objectives of the 
study before handing out the questionnaires. 
Second, administrative/managerial staff (e.g., head of a department) was selected during 
their regular meetings on Wednesday and Thursday afternoons in the two hospitals 
respectively. Visual aids (PowerPoint) were used to introduce the researcher and the 
objectives of the study to the attendees as a group, before handing out the questionnaires. 
An informed consent was obtained from each participant in the study. Some of the 
completed questionnaires were collected as soon as they were finished, if both the respondent 
and the researcher happened to be available at that moment. Otherwise, the researcher went 
back to collect questionnaires filled in by the respondents who were occupied when they got 
the questionnaires. 
A total of 304 members of staff from the two Chinese hospitals completed the 
questionnaires in full, out of the 400 distributed and the results were included in the study. 
The response rate was 77.3%. 
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2.5. Data analysis 
Most statistical analyses have been performed with PASW Statistics version 18.0 for 
Windows (IBM-SPSS, 2010). Nevertheless, the researchers have carried out the test for 
differences in dependent correlations. Descriptive statistics on the item and scale frequencies, 
percentages, means and standard deviations (SD) were computed. Demographic and work 
related data were also analyzed descriptively by computing frequencies and percentages. 
Internal consistency reliability was assessed via Cronbach’s coefficient alpha (Cronbach, 
1951). 70.0≥α  was used as the recommended value, as this study involved the comparison 
of groups of respondents (Nunnally & Bernstein, 1994). 
In order to reduce random sources of error and be able to assess the reliability and 
validity of a particular questionnaire the use of multi-item scales has been suggested by 
Nunnally & Bernstein (1994). This study employed Principal Component Analysis (PCA), a 
mathematical technique to identify the underlying structure characterizing a set of highly 
correlated variables. The PCA analysis showed that fewer items in the main study had a factor 
loading ≥  0.30 in more than one factor, compared to the pilot study. The factors from the 
main study were easier to label and had good correspondence with other studies. Variance 
maximization (varimax), an orthogonal rotational strategy has been chosen for this study. 
PCA was performed for the 16 individual items at a significance level p = 0.001. Three 
summated indices were extracted from the 16 question items of the physical environment: 
spatial design, environmental design and design for maintenance. 
2.6. Interviews to validate research findings 
Twelve questions were initially designed to obtain healthcare providers’ perception of 
design factors in one of the above-mentioned hospitals. These questions evolved from the 
literature review, initial questionnaire findings and through discussions with members of staff 
at the surveyed hospitals. In order to ensure that the questions were directed, simple and 
specific while avoiding double-barreled questions, a senior member of staff was asked to 
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answer all of the questions and give feedback for improvement. Finally, seven key questions 
were formulated for the interview. 
Interview participants were selected from the questionnaire respondents. There was a 
section in the questionnaire on whether the respondent would be interested in participating in 
a further interview. Only nine nurses opted in, of which six were randomly selected for 
interview. The interview questions focused on the assessment of the perception of building 
design factors and their impact on healthcare providers and patients. The interviewees were 
informed beforehand that the interviews would be recorded and the confidentiality of the 
information would be maintained. 
3. Results and analysis 
3.1. Respondents’ characteristics 
Demographic and work related characteristics of the respondents are given in Table 2. 
Among 304 respondents, 110 (36.2%) were male and 194 (63.8%) were female. Almost half 
of the respondents (46.1%) were aged between 26 and 35 years whereas the percentages of 
respondents at either end of the population were 17.1% and 3.9% for age groups 18-25 and 
above 50 years respectively. At the time of the survey, 31.5% and 34.9% of the respondents 
had been working in respective hospitals for periods 1 to 5, and 6 to 10 years respectively. 
Majority of them (72.4%) worked between 41 and 60 hours per week while only 4.6% of the 
respondents worked more than 60 hours per week. The department of general surgery 
represented the highest number (13.8%) of returned questionnaires. Other respondents came 
from the remaining 26 departments across the hospitals. The diversity of different working 
areas ensured that a wide range of respondents was represented in this study. A descriptive 
analysis of the questionnaire items is given in Table 3. 
3.2. Principal component analysis 
A principal component analysis (PCA) was conducted on the 16 questionnaire items 
with varimax rotation. The Kaiser-Meyer-Olkin (KMO) (Kaiser, 1974) measure verified the 
sampling adequacy for the analysis, KMO = 0.883, which can be considered high (Field, 
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2009). Bartlett’s test of sphericity yielded a statistically significant value 
( 2255.4242 =χ ; 000.0=p ). These indices implied that the matrix was well suited for PCA. 
An initial analysis was run to obtain eigenvalues for each component in the data. Three 
components had eigenvalues over Kaiser’s criterion of 1 and in combination explained 58.4% 
of the variance. Given the large sample size, the convergence of the scree plot and Kaiser’s 
criterion on three components, this is the number of components that were retained in the 
final analysis. Factor loadings after rotation are given in Table 4. The PCA result suggested 
that components 1, 2 and 3 represented spatial design, environmental design and the design 
for maintenance aspects, respectively. 
The reliability of each attribute was examined by Cronbach’s alpha coefficient. The 
reliability estimates of all three components were greater than 0.70, as shown in Table 4, 
indicating a strong internal reliability among items with similar attributes. The internal 
consistency reliability of the overall scale was 0.901 that exceeded Nunnally’s criteria, 
suggesting little measurement error in the instrument. According to the results, nearly half of 
the total variance (40.837%) was explained by component 1 (spatial design). The rest of the 
variance was explained by the remaining two components. 
Three of the 16 items had dual loadings on two factors. The item, ‘air quality and 
freshness’ had loadings of 0.682 and 0.408 on environmental and maintenance factors 
respectively. ‘Cleanliness and ease of maintenance’ had loadings of 0.449 and 0.522 on 
environmental and maintenance factors respectively. The item, ‘spaciousness of working 
areas’ had loadings of 0.475 and 0.487 on spatial and maintenance factors respectively. To 
investigate further, Cronbach’s α, if the item was deleted, was examined for each item. The 
value for α decreased if any of the items were deleted, except for ‘cleanliness and ease of 
maintenance’. The increase in Cronbach’s α for ‘cleanliness and ease of maintenance’ was 
marginal ( 001.0901.0902.0 =− ). On the other hand, with a mean score of 4.66 out of 5.00, 
cleanliness was ranked as very important by the respondents. Considering the above, the 3-
factor solution was retained along with the original loadings of the items. 
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3.3. Relationship between personal information and perception of design factors 
Before investigating the relationship between respondent characteristics and perception 
of design factors, respondents were regrouped to simplify data analysis and interpretation. A 
small number of staff worked less than 20 hours per week; therefore, the variable ‘working 
hours’ was rescaled to have the ranges: less than 40 hours, between 40 and 60 hours and 
longer than 60 hours. The rescaled ‘working hours’ variable corresponded to short, medium 
and long periods of working time. Similarly, the variable ‘age’ was re-categorized to indicate 
the ranges: young (18-35 years), middle aged (36-50 years) and senior staff (older than 50 
years). To investigate the effect of job roles, the respondents were categorized into two 
groups: administrative/managerial and physicians/nurses/technicians. 
The distribution of the data was not normal; hence, non-parametric tests were carried out 
on 16 questionnaire items and reported in Table 5. Mann-Whitney U-test was carried out on 
‘gender’ and ‘role’, whereas Kruskal-Wallis test was carried out on ‘age’, ‘working hours’ 
and ‘length of service’. Results show that there is a significant difference in perception 
between male and female healthcare providers for items: cleanliness and ease of maintenance; 
air quality and freshness; noise level; and provision for hand hygiene. Age has a significant 
effect on the perception of the following design factors: noise level; spaciousness; location 
and orientation of the space; and architectural design of the space. 
The perception of the factors: thermal comfort, proximity to wards, adequate 
illumination, availability of daylight and spaciousness is significantly influenced by working 
hours per week. This translates to 5 out of 9 items in components 2 and 3, demonstrating the 
importance of the number of hours worked per week on perceptions of maintenance and 
environmental design factors. 
There is also a significant difference in the perception of factors: indoor plants, 
interior/exterior landscaping; furniture layout; and proximity to wards between different 
groups of respondents, based on their length of service. The design factor, proximity to wards 
has a high level of significance, 001.0<p . 
No significant difference in perception was found due to respondents’ job roles. 
 11 
4. Discussion 
4.1. Perception of design factors 
Healthcare providers are key stakeholders and critically important informants in the 
process of design and refurbishment of healthcare facilities. Their perception of physical 
environment features are based on their observation of and interaction with hospital spaces 
over their working life. All of the 16 investigated design aspects were ranked relatively high 
with mean scores ranging between 3.36 and 4.66, from the lowest to the highest, on a scale of 
1 to 5. Overall, ‘cleanliness and ease of maintenance’ was considered to be very important 
and had the highest mean score (= 4.66) and lowest standard deviation (= 0.522). The item, 
‘presence of coordinated art objects’ was considered to be the least important of the analyzed 
design aspects. In terms of constructed dimensions, the respondents appear to be more 
concerned about the environmental and maintenance design factors, compared to spatial 
design. This is evident in Table 3, where all of the nine items under environmental and 
maintenance design dimensions topped the list with a minimum mean score of 4.00. 
The overall findings agree with conventional wisdom and results from past research on 
quality of care and user satisfaction, the closely aligned topics of research to the present study. 
Cleanliness is routinely reported in literature as one of the most important attributes of a 
healthcare environment and has the potential to influence care quality and staff and patient 
wellbeing. Although, there exists a greater need for cleanliness in departments such as 
surgery, emergency and intensive care units where patients are more vulnerable to the risk of 
infection (Lavy & Dixit, 2010), it is also important in lower risk areas such as care homes. In 
a review of service users’ expectations of inpatient mental health care, Hopkins et al. (2009) 
identified cleanliness as an important aspect along with comfort. In a recent article, Dancer 
(2011) noted the emergence of evidence on the importance of the clinical environment in 
encouraging hospital infection. Given the wide-ranging surfaces, equipment and building 
design, the article argued for a tailored approach towards cleanliness. Cleanliness in the 
hospital environment has also been linked with the recruitment, retention and performance of 
nurses in the UK National Health Service (NHS) (PwC, 2004). 
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In terms of mean response scores, ‘air quality and freshness’ was ranked as the second 
most important item. Air quality has previously been associated with user satisfaction (PwC, 
2004), staff performance (Seppänen et al., 2006) and the prevention of nosocomial infections 
among staff and patients (Leung & Chan, 2006). Gosden et al. (1998) discussed the 
importance of air quality in infection control by citing examples of how small numbers of 
organisms could cause orthopedic implant infections, giving rise to a considerable degree of 
morbidity and mortality. Leung & Chan (2006) noted that parameters of indoor air quality 
(IAQ) were well understood in commercial and public buildings and how these could 
adversely affect occupant health, with conditions ranging from sick building syndrome (SBS) 
to building related illnesses (BRI) such as pneumonitis and cancers. IAQ, to a large extent, 
depends on the rate of outdoor/fresh airflow, a higher rate of which is more efficient in 
diluting the concentration of odor and volatile organic compounds (VOC). In a review of 
published sources that investigated the link between ventilation rates and staff performance, 
Seppänen et al. (2006) noted that in all of the reviewed cases higher ventilation rates resulted 
in higher performance. 
The respondents have rated ‘Noise level’ as the third most important design aspect. The 
impact of noise pollution on both the patient and healthcare providers has been extensively 
studied in critical care units and other healthcare areas. Patients’ wellbeing and their health 
outcomes are found to be affected by higher levels of noise because of poor sleep quality 
(Freedman et al., 1999) and increased stress. In the case of healthcare providers, noise 
pollution increases the probability of errors and is one of the risk factors for provider burnout 
(Tijunelis et al., 2005). It is widely acknowledged that sound levels higher than 55 dBA 
brings disturbing effect (Beranek, 1971). The Environmental Protection Agency (EPA) in the 
United States recommends that the ambient noise level in a hospital should not exceed 40 dB. 
However, many studies suggest that this recommended threshold of ambient sound is 
routinely exceeded (Busch-Vishniac et al., 2005; Souter & Wilson, 1986). 
‘Thermal comfort’ is considered by the respondents to be the fourth most important 
aspect. The sensation of comfort is dependent on many physical and psycho-physiological 
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variables such as indoor air temperature, metabolism, clothing insulation, ability to 
modify/control the indoor environment, etc. (De Dear, 2004). The effect of physical 
environment aspects on thermal comfort is more pronounced for naturally ventilated 
buildings, compared to fully air-conditioned buildings. Thermal comfort is also indirectly 
linked with indoor air quality in the sense that increased ventilation helps in diluting odor and 
VOC, as well as in bringing down indoor temperatures to a comfortable level. 
The order of importance of the remaining environmental and maintenance design factors 
is as follows: ‘proximity to wards’, ‘provision for hand hygiene’, ‘adequate illumination’, 
‘availability of daylight’ and ‘spaciousness’. All of the architectural design aspects were 
ranked lower than environmental and maintenance design aspects, with mean scores ranging 
from 3.36 for ‘presence of coordinated art objects’ to 3.85 for ‘location and orientation of the 
space’. The fact that mean scores for all spatial design aspects were lower than 4.00 indicates 
that the respondents considered them to be important but not as important as environmental 
and maintenance design factors. Aspects related to various environmental stimuli such as art 
objects, indoor plants and interior/exterior landscaping were considered to be of low 
importance, as shown in Table 3. The effect of such stimuli on staff and patient wellbeing and 
patient recovery has been found to be positive in past research (Dijkstra et al., 2006; Golden 
et al., 2005; Ulrich, 1984; Ulrich et al., 2004). However, their relatively low ranking in this 
research may be due to the fact that previous research looked at individual aspects, rather than 
the integrated whole, as is the case in this research. Another reason may be that the 
respondents did not make a strong connection between abstract environmental stimuli and 
staff performance and/or patient outcomes. Further research is, therefore, necessary to 
investigate the low mean scores of spatial design aspects. 
4.2. Perception and demographic characteristics 
Of the four demographic and work related variables investigated in detail in this study, 
working hours per week explained significant differences in perception of several of the 
maintenance and environmental design factors. Women were found to be more perceptive of 
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sense-sensitive (Mazuch, 2005) design factors such as the ones related to five senses: smell, 
taste, sight, feel and hearing. Mean scores by female staff were higher than their male 
counterparts on cleanliness and ease of maintenance (mean score of 4.71 vs. 4.56); indoor air 
quality and freshness (4.44 vs. 4.30); noise level (4.40 vs. 4.23); and provision for hand 
hygiene (4.27 vs. 4.05). This result is in accordance with previous research, which indicated 
that females showed greater sensitivity and/or physiologic responsiveness to stimuli in a 
number of sensory modalities, in particular in olfactory sensitivities, than males (Velle, 1987). 
Women are also reported to suffer from sick building syndrome (SBS) more often than men 
(Brasche et al., 2001). In Chinese culture, women take more responsibility for environmental 
cleanliness at home, which may account for and translate into them having a higher 
expectation of cleanliness than men. In other words, females expect cleaner and quieter 
environments to focus on work. Nursing stations and patient rooms are their primary working 
locations where a minimum level of noise and better air quality and freshness are highly 
demanded. All six interviewed nurses expressed their preference for design for cleanliness 
that eliminates clutter and helps them care for patients more effectively. 
In addition, the research has identified different perceptions of design factors between 
respondents who worked less than or equal to 40 hours a week ( 22040 =≤N ) than the staff 
who worked more hours per week (  and 1460 =>N ). Respondents working less 
than or equal to 40 hours represent the working pattern of the majority of the staff in the two 
hospitals. They considered 10 out 16 investigated design factors to be more important than 
the other groups. The 10 design factors came from all three principal components: spatial, 
maintenance and environmental design and included both the highly ranked ones (e.g., 
proximity to wards) as well as the factors with low mean scores (e.g., presence of coordinated 
art objects). In comparison, respondents who worked 41-60 hours per week considered the 
following design factors to be more important than the others: cleanliness and ease of 
maintenance (mean score of 4.68); Noise level (4.35); Adequate illumination (4.18); Pleasant 
color scheme (3.7); Indoor plants, interior/exterior landscaping (3.55) and Furniture layout 
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(3.54). Exterior view from the space had an equal mean score of 3.68 from the respondents 
who worked less than or equal to 40 hours per week and the respondents who worked 
between 41 and 60 hours per week. Findings related to ‘working hours’ can be used for 
designing departments with varying work patterns; e.g., inpatients vs. outpatients. 
Among the spatial design factors, ‘location and orientation of a space’ was rated higher 
by the respondents than most of the other factors in the category. This may be due to the 
cultural preference of the Chinese for coordinated location and orientation of a space and 
furniture within. Evidence of locational preference can be seen in the ancient Chinese wisdom 
called Feng Shui, which was based on the observation of astronomical phenomena, natural 
phenomena and human behavior (Mak & Ng, 2005). These three aspects were combined with 
Chinese astronomy, geography and philosophy to devise rules for the design of spaces, 
buildings and cities. Interviewed nurses also stated their preferences for a better orientation of 
the space they worked in. Some of the comments in the returned questionnaires also support 
this finding; e.g., one responded commented “...[I] prefer to work in a south-faced room with 
more natural light...”. 
Nurses described their preferences for the design of nursing stations in both the 
questionnaire and interview. They noted that the design of nursing stations could be such that 
there was a degree of acoustic separation between their working areas and adjoining corridors 
and patient areas. In essence, they referred to the ambient noise level, which could be brought 
down through careful design. The preference for better acoustic design was mentioned often 
by nurses working in departments such as accident and emergency where there were 
increased interactions with patients and families. This is an interesting finding, which 
illustrates the multi-dimensional and multi-objective nature of architectural design. From a 
spatial design perspective, visual and auditory links need to be maintained between nursing 
stations and patient areas for effective care delivery, which may contribute to an increased 
noise level. At the same time, staff working in these areas needs a quiet space to concentrate 
on work. The use of hard surfaces (for easy cleaning and better control of infection) adds to 
this problem as they reflect sound and, therefore, contribute to the ambient noise level. The 
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‘push and pull’ between the aforementioned design objectives: efficient care delivery, 
reduction of noise and cleanliness serve to illustrate the challenges in design decision making. 
4.3. Integrating user perception in healthcare facility design 
One of the advantages of research focusing on physical environments is that findings can 
be applied more easily in evidence-based design decision-making. Indices of factors and their 
relative ranking can be identified based on user characteristics and use patterns of the space. 
The indices can then be used for prioritizing design factors for heuristics based decision-
making, typically found in early design stages. However, with the increase in the number of 
design variables (i.e., factors or aspects) and goals, the reconciliation between conflicts 
becomes complicated, rendering the conventional ‘cognitive’ and ‘trial and error’ approach 
inefficient for effective decision-making (Mourshed, 2006). To overcome the limitations of 
cognitive or heuristics based approaches, design automation such as numerical optimization 
(Caldas, 2008; Mourshed et al., 2011) can be applied where the indices of design factors and 
their relative ranking are converted into proportional weights on design goals and the solution 
space is searched algorithmically.  
5. Limitations 
Certain limitations of this study need to be pointed out. The questionnaire was conducted 
in two Chinese hospitals in Qingdao, a major city in Shandong province in Eastern China. 
The responses are, therefore, inherently the Chinese healthcare providers’ perception of 
design factors and their relative importance. However, the differences in perception between 
respondents from China and the rest of the world may be minimal, in particular for universal 
design factors that are not culturally significant; e.g. adequate illumination and daylight 
availability. Factors related to building services and systems such as thermal comfort is 
another example of such variable. This may be due to the fact that the design and operation of 
major healthcare facilities such as general or medical college hospitals are more universal 
than other types of buildings. Also, there is evidence that contemporary developments in 
Chinese architecture, in particular in urban areas, have had considerable influences from 
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globalization (Ren, 2008) and in a sense western architectonic philosophies during the second 
half of the 20th century. The end product was rather a universal urban fabric, with little 
difference in spatial organization and manifestation of form and space between urban 
buildings in China and the rest of the world. The contextual bias from buildings themselves 
may, therefore, be low. 
Further research may be needed for universal applications of some of the research 
findings. For example, the relationship between working hours and perception may be 
affected by average hours worked per week by healthcare providers in a country. Chinese 
healthcare workers typically worked more hours per week than their counterparts in the West: 
e.g., American physicians worked 53.9 hr (Dorsey et al., 2003) while their Taiwanese 
counterparts worked 65.6 hr per week (Chen et al., 2010). Therefore, the effect of work 
pattern may be different, the detailed understanding of which requires further research. 
Another aspect of the study is the proportion of female respondents (63.8%), which may 
appear high but is demographically representative of healthcare staff in China and the rest of 
the world. Female nurses make up the majority of the healthcare workforce, which reflects a 
traditional career trend in healthcare labor markets in most countries (Zurn et al., 2002). 
Although the research did not find significant differences in perception between 
administrators and managers vs. physicians and nurses; i.e., non-medical vs. medical – there 
may be differences between sub-categories. 
6. Conclusion 
Past research on physical environments in hospitals focused mostly on user satisfaction, 
linked with service delivery in a specific setting. Research on satisfaction typically explored 
users’ (staff and patients) perception of the quality of care and analyzed the impact of some 
tangible dimensions such as salary, work pattern, presence/absence of certain facilities, etc. 
Findings from such research are convenient for use in financial and efficiency related 
strategic planning and management. They seldom provide useful insights into facility design 
aspects that are critical for creating a therapeutic environment. 
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Using a 16-item structured questionnaire, this research explored healthcare providers’ 
perception of design aspects related to physical environments in hospitals. Aspects related to 
the design for maintenance were perceived to be more important by healthcare providers than 
those related to spatial design. Environmental design aspects related to sensory perceptions 
were also ranked as very important by the respondents. There were significant differences in 
perception of the body-contact and sensory aspects among males and females. Of other 
demographic and work related variables, the length of service had an effect on spatial design 
aspects such as landscaping and indoor plants that had an indirect association with the healing 
environment. Working pattern; i.e., ‘hours worked per week’ had significant associations with 
the perception of maintenance and environmental design aspects. 
In addition to contributing to the growing body of knowledge on users’ perception of 
physical environment aspects, this paper shed light on the use of the findings in architectural 
design.  
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Table 1: Design factors identified from the literature review. 
Design factor Impact 
Adequate 
illumination 
Adequate illumination, artificial and natural lighting combined, is required to perform visual 
tasks (Shikder et al., 2011). Adequate illumination on work surfaces lowers rates of 
medication-dispensing errors (Buchanan et al., 1991). 
Air quality and 
freshness 
Defined as the absence of unpleasant smell. Poor and insufficient ventilation decreases work 
efficiency and productivity (Seppänen et al., 2006). Poor air quality increases the risk of 
nosocomial infection (WHO, 2002). 
Architectural 
design of the space 
 
Architectural design of a space is more than just the geometric organization; it influences 
users’ sensory perceptions. Spatial architectural designs affect staff recruitment and 
retention, as well as efficiency and productivity (Guenther & Vittori, 2008). 
Availability of 
daylight 
Light, especially daylight impacts on visual performance and psychological state of a person 
by regulating the circadian rhythm. It impacts on patient outcome, as well as provide 
restorative benefits to medical staff and office workers (Ulrich et al., 2008). The lack of 
daylight has also been associated with job burnout (Alimoglu & Donmez, 2005) and 
medication errors (Roseman & Booker, 1995). 
Cleanliness and 
ease of 
maintenance 
The design of the building and constituent spaces are linked with cleanliness (PwC, 2004). 
Surface characteristics affect infection control (Dancer, 2011). 
Exterior view from 
the space 
 
Views to the outside are manifested as positive emotional and physiological changes 
leading to stress reduction or restorative benefits (Ulrich, 1984). 
Furniture layout Ergonomic characteristics of furniture and equipment can cause long-term muscular or 
nerve injury due to poor bodily positioning or muscle use (Vischer, 2007). Furniture layout 
has been identified as the primary concern for patient falls (Tzeng & Yin, 2009). 
Indoor plants and 
landscaping 
Contribute to positive distraction and a pleasant working environment. Views of natural 
settings are found to influence patient recovery (Ulrich, 1999). 
Location and 
orientation of the 
space 
Linked with site specific thermal, visual, auditory and olfactory environments. In terms of 
physical settings, poor location and orientation of a space may result in a poor wayfinding 
system and may contribute to increased staff stress and time wastage 
(Zimring, 1990). 
Noise level The level of ambient noise has strong links with patient outcomes. Staff effectiveness 
increase in quiet settings (Dubbs, 2004). Healthcare providers perceive higher noise levels 
as stressful and sufficiently high to interfere with their work (Bayo et al., 1995). 
Pleasant color 
scheme 
Color, an inherent property of all materials and surfaces, is considered an inseparable 
element of design. Together with lighting, color has an impact on people’s responses to the 
environment and affect staff morale and quality of healthcare (Dalke et al., 2006). 
Presence of 
coordinated art 
objects 
 
Art-based interventions are found to be effective in reducing adverse physiological and 
psychological outcomes (Stuckey & Nobel, 2010). There is potential to enhance staff morale 
and satisfaction by integrating them in arts initiatives that have a positive healing effect on 
patients. However, Ulrich et al. (2004) found that not all art was suitable for healthcare 
spaces. 
Proximity to wards Long distances between different working areas have a negative impact on nursing 
performance (PwC, 2004) and quality of care. 
Provision for hand 
hygiene 
Hands of healthcare staff are the principal cause of nosocomial or hospital acquired 
infection (HAI) (Pittet et al., 2000). The lack of hand hygiene provisions such as availability 
of washbasins is perceived as a factor contributing to HAI (Lankford et al., 2003). 
Spaciousness The lack of spaciousness has been seen as a strong ambient stressor (Stamps III, 2007). 
Perception of room spaciousness has effects on user satisfaction and performance (O’Neill, 
1994). 
Thermal comfort Thermal discomfort is associated with inadequate work ability among nurses (Fischer et al., 
2006) and decreased productivity by influencing their ability to think (Witterseh et al., 
2004). 
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Table 2: Background information of the respondents. 
Variable Scale/category N % 
Age (yr) 18-25 52 17.1 
26-35 140 46.1 
36-50 100 32.9 
>50 12 3.9 
Gender (-) Male 110 36.2 
Female 194 63.8 
Working 
hour (hr) 
<20 2 0.7 
20-40 68 22.3 
41-60 220 72.4 
>60 14 4.6 
Length of 
service (yr) 
<1 33 10.9 
1-5 96 31.5 
6-10 106 34.9 
>10 69 22.7 
Department Accident and emergency 14 4.6 
 Administration 35 11.5 
 Burns 5 1.6 
 Cardiac 17 5.6 
 Chest surgery 9 3 
 Chinese medicine 6 2 
 Clinical pharmacology 12 3.9 
 Critical care (ICU/HDU) 10 3.3 
 Dermatology 3 1 
 Elderly care 2 0.7 
 Gastrointestinal 11 3.6 
 General surgery 42 13.8 
 Hematology 15 4.9 
 Hepatology 6 2 
 Incretion 1 0.3 
 Infectious diseases 3 1 
 Management 12 3.9 
 Midwifery 11 3.6 
 Neurosurgery/neurology 6 2 
 Operating theaters 6 2 
 Orthopedics 17 5.6 
 Ophthalmology 3 1 
 Pediatrics/ neonatal 4 1.3 
 Respiratory 24 7.9 
 Stomatology 2 0.7 
 Urology 14 4.6 
  X-Ray/pathology 14 4.6 
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Table 3: Descriptive analysis. 
Item Response* (%) Mean SD 
 
1 2 3 4 5 
  Cleanliness and ease of maintenance 0 0 2.3 29.6 68.1 4.66 0.522 
Air quality and freshness† 0.3 0.7 6.3 45.4 47.4 4.39 0.666 
Noise level 0.3 1 9.2 43.4 46.1 4.34 0.713 
Thermal comfort 0 1 10.2 48 40.8 4.29 0.685 
Proximity to wards 0 1.6 9.9 46.7 41.8 4.29 0.709 
Provision for hand hygiene 0 3.3 10.9 49 36.8 4.19 0.757 
Adequate illumination‡ 0 0.7 13.2 55.6 30.6 4.16 0.663 
Availability of daylight 0 1 17.1 57.2 24.7 4.06 0.675 
Spaciousness 1.1 1.1 20.4 52 25.7 4 0.769 
Location and orientation of the space 0.3 2.6 27 51.6 18.4 3.85 0.754 
Architectural design of the space 0 5.3 27.3 50 17.4 3.8 0.786 
Pleasant color scheme 0 5.3 33.6 48.7 12.5 3.68 0.757 
Exterior view from the space 1.3 4.9 32.2 49.3 12.2 3.66 0.804 
Furniture layout 1 5.6 39.1 47.7 6.6 3.53 0.744 
Indoor plants, interior/exterior landscaping 0 7.6 39.5 46.7 6.3 3.52 0.726 
Presence of coordinated art objects 1 11.5 42.1 41.4 3.9 3.36 0.775 
Notes: *1: Least important; 2: Unimportant; 3: Neither important nor unimportant; 4: Important; 5: Very 
important. 
† Defined as the absence of unpleasant smell. 
‡ Overall lighting: artificial and natural lighting combined. 
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Table 4: Rotated component matrix of questionnaire items. 
Item Component 
 
Spatial Environmental Maintenance 
Indoor plants, interior/exterior landscaping 0.729 - - 
Furniture layout 0.715 - - 
Exterior view from the space 0.713 - - 
Presence of coordinated art objects 0.699 - - 
Pleasant color scheme 0.699 - - 
Architectural design of the space 0.658 - - 
Location and orientation of the space 0.647 - - 
Adequate illumination - 0.753 - 
Availability of daylight - 0.737 - 
Thermal comfort - 0.726 - 
Noise level - 0.694 - 
Air quality and freshness - 0.682 0.408 
Provision for hand hygiene - - 0.746 
Proximity to wards - - 0.643 
Cleanliness and ease of maintenance - 0.449 0.522 
Spaciousness of working areas 0.475 - 0.487 
Percentage of explained variance (58.4) 40.83 11.12 6.4 
Cronbach's α coefficient (0.901) 0.863 0.852 0.736 
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Table 5: Non-parametric test result. 
Factor and questionnaire item p-value 
    Gender† Age‡ Working 
hours‡ 
Length of 
service‡ 
Role† 
Spatial 
      Indoor plants, interior/exterior 
landscaping 0.529 0.258 0.297 0.047* 0.117 
 Furniture layout 0.111 0.075 0.726 0.038* 0.207 
 Exterior view from the space 0.904 0.355 0.471 0.115 0.358 
 Presence of coordinated art objects 0.672 0.890 0.593 0.694 0.119 
 Pleasant color scheme 0.222 0.060 0.118 0.642 0.241 
 Architectural design of the space 0.684 0.047* 0.835 0.064 0.159 
 Location and orientation of the space 0.251 0.028* 0.079 0.052 0.326 
Environmental 
 Adequate illumination 0.979 0.123 0.020* 0.332 0.986 
 Availability of daylight 0.839 0.116 0.033* 0.619 0.62 
 Thermal comfort 0.141 0.334 0.027* 0.991 0.428 
 Noise level 0.037* 0.047* 0.326 0.494 0.980 
 Air quality and freshness 0.038* 0.623 0.089 0.688 0.900 
Maintenance 
 Provision for hand hygiene 0.036* 0.868 0.259 0.155 0.875 
 Proximity to wards 0.130 0.346 0.025* 0.001* 0.151 
 Cleanliness and ease of maintenance 0.030* 0.833 0.087 0.062 0.656 
 Spaciousness 0.987 0.005* 0.028* 0.367 0.885 
Notes: 
†Mann-Whitney U -test. 
‡Kruskal-Wallis test. 
*p < 0.05. 
 
 
 28 
 
 
